The objective of this study was to evaluate the accuracy of the nadir total column (TC) ozone 14 products derived from the Ozone Mapping and Profiler Suite (OMPS) on board the NASA 15 Suomi National Polar-orbiting Partnership satellite (NPP). OMPS is an advanced suite of 16 three hyperspectral instruments that maps global ozone on a daily basis and extends the more 17 than 30 years of recorded total ozone and ozone profile data. In this study, the nadir TC ozone 18 data generated by the NASA OMPS science team was validated utilizing the version 8 that the OMPS TC ozone estimates are 0.59% higher than the Brewer measurements with a 25 2 standard deviation of 2.82%. When compared with the Dobson measurements, the OMPS TC 1 ozone average is 1.09% higher than the station average with a standard deviation of 3.27%. 2 Additionally, the relative differences between OMPS and ground TC ozone were analyzed as 3 a function of latitude, time, and viewing geometry. The relative differences vary within 2% 4 over most of the latitudes and viewing conditions; latitudinal-and viewing 5 condition-dependent errors are not observed. The dependence of the relative differences 6 between the satellite-and ground-based measurements on the TC ozone values is consistent 7 for TC ozone values between 220 DU and 450 DU. 8 9
shows fair agreement between OMPS and ground-based TC ozone measurements with a root 23 mean square error (RMSE) of approximately 3% (10 DU). The comparison results indicate 24 that the OMPS TC ozone estimates are 0.59% higher than the Brewer measurements with a 25 arrays (FPA), each arranged in one spectral and one spatial dimension. The nadir total column 1 sensor uses a single grating and a CCD array detector to measure backscattered radiance 2 every 0.4 nm from 300 to 380 nm with 1-nm full-width half maximum (FWHM) spectral 3 resolution. It has a 110° cross-track field-of-view (FOV) and a 0.27° along-track slit width. 4
The measurements from cross-track are combined into 35 bins as 3.35° (50 km) at nadir and 5 2.84° at ±55°. The along-track resolution is 50 km at nadir for mapping TC ozone across a 6 2800 km swath with a 7.6 second reporting period (Flynn et al., 2004 (Flynn et al., , 2012 . 7
The nadir profiler employs a double monochromator and a CCD array detector to take 8 measurements every 0.4 nm from 250 to 310 nm with 1-nm FWHM resolution. The profiler 9 has a 16° cross-track FOV and a 0.26° along-track slit width. The reporting period is 38 10 seconds, which forms a 250 × 250 km cell size synchronized with five nadir mapper cells 11 (Flynn et al., 2004 (Flynn et al., , 2012 . 12
For the NPP mission, OMPS also contains a limb system with a focal plane operating from 13 290 to 1000 nm for high vertical resolution ozone profile observations. The system has three 14 vertical slits separated by 4.25° (across track) and a 19 second reporting period; these features 15 result in 125 km along-track motion. Each slit has a vertical FOV of 1.95° (112 km) equating 16 to 0 to 60 km coverage at the limb and offsets for pointing uncertainty, orbital variation, and 17
Earth oblateness (Flynn et al., 2004 (Flynn et al., , 2012 . 18
Nadir Total Ozone Measurements 19
In this study, the TC ozone collected from the daily granule nadir OMPS total ozone product, 20 generated by the NASA OMPS science team for January 2012 to February 2013, was 21 compared with ground-based Brewer and Dobson measurements. The TC ozone data were 22 acquired from the ozone and air quality archive sets available from the NASA OMPS website 23 (http://ozoneaq.gsfc.nasa.gov/beta/data/omps/); thus, only the algorithm to derive the 24 OMPS TC ozone product used by the NASA OMPS science team will be discussed. 25
The nadir TC ozone product consists of the total ozone in a column of air from the surface to 26 the top of the atmosphere (TOA) and is observed for all solar zenith angle (SZA) viewing 1 conditions less than or equal to 80° (Baker and Kilcoyne, 2011). The algorithm used by the 2 NASA OMPS science team to derive this OMPS TC ozone product is a version of the V8 3 algorithm (Bhartia and Wellemeyer, 2002) applied to OMI with some minor differences. The 4 detail of this algorithm and its errors has been reported by Bhartia et al. (2012) . This 5 algorithm estimates the TC ozone based on the comparison of measured normalized radiance 6 to calculated normalized radiance by using a standard UV radiative transfer model for 7 different ozone amounts, specific measurement geometry, viewing conditions and surface 8 conditions. A detailed description of the scientific basis of ozone retrieval from solar 9 backscatter UV (SBUV) irradiance has been previously reported (e.g., Dave and Mateer, 1967; The inverse model, as applied to this algorithm, is based on the optimum estimation formula 22 of Rodgers (1976) . The model is designed for retrievals for which the numbers of layers are 23 larger than the number of wavelengths. According to Bhartia et al. (2012) , the typical 24 algorithmic errors are those in the ozone absorption cross-section or in various climatologies 25 used in the forward model. Several sources of systematic errors can create time-independent 26 (but month-and latitude-dependent) bias in the SBUV retrieved profiles, such as errors in a 1 priori profiles for measured and calculated N-values. 2 3
Ground-based Measurements 4
To date, the worldwide, well-established ground-based network of Brewer and Dobson 5 spectrophotometers has been generally considered the ground-truth of total ozone monitoring. 6
Over past decades, TC ozone measured from these two spectrophotometers has been widely 7 Discrepancies between spatially co-located nadir OMPS TC ozone records and ground-based 6 measurements were analyzed separately using the Brewer and Dobson datasets. Bias errors 7 generated by data dependence on latitude, SZA, radiative cloud fraction and other parameters 8
were also analyzed. The relative differences (RDs) and mean bias error (MBE) between 9 ground-based total ozone measurements and collocated OMPS TC ozone were calculated 10 with the following equation: 11
where OMPS denotes nadir OMPS TC ozone, Ground denotes ground-based TC ozone 14 measurements, and N is the total number of data pairs. Uncertainties regarding MBE are 15 characterized by the standard deviation of the RDs. 16
Linear regressions were performed to analyze the consistency of OMPS TC ozone and ground 17 station measurements (Fig. 1) ; the statistical parameters are also presented ( Table 3) (Fig. 3a) has a value within 2% for most latitudes compared using both types of 6 ground-based measurements. Compared with the Brewer measurements, OMPS displays a 7 positive bias near the equator to mid-latitudes in the northern hemisphere, whereas negative 8 bias is observed over high latitudes in both hemispheres. Compared with Dobson 9 measurements, OMPS nearly overestimates the Dobson TC ozone measurements with a mean 10 bias error within 2% over all latitudes. Comparison results from the high latitude stations in 11 the southern hemisphere indicate a large spread; this effect can be partially attributed to the 12 fewer observational points in this region. The mean bias error binned at 10° latitude intervals 13 ( The time series of the monthly mean relative differences were analyzed to evaluate the 16 long-term stability of the OMPS TC ozone (Fig. 4) . Again, the mean bias error is within 2% Brewer instruments. To a certain extent, the minor time series variation differences between 1 OMPS-Brewer and OMPS-Dobson comparisons could be partly explained by these 2 dependencies and distinct station distributions, as observed from the monthly TC ozone 3 averages in Fig. 4b . 
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